This case study provides an explanatory account on the underachievement of three gifted students studying physics in a Taiwanese university. The students' physics underachievement was diagnosed by Sato's student-problem analysis chart. These students were invited to complete a questionnaire and a follow-up interview in order to (1) understand the association between their academic performance, self-concepts, and support systems, and (2) elicit the pattern of their learning behaviors. Students reported that their self-worthiness was not undermined by their underachievement and they still believed in their own potentials. The study indicated that these students started to encounter academic problems during their senior high school years. The following learning habits resulted in their underachievement: (1) a lack of motivation and not applying self-actualization on subject matters, (2) focusing on memorizing and mastering skills and exercising counterproductive learning strategies, (3) a lack of genuine interest in the subject. This study also found that although these students had clear career goals and generally positive conceptualization of self, their professional development suffered from a lack of execution.
Introduction
While gifted students tend to be perceived as having a better opportunity to succeed, the underachievement in gifted students has been discussed for a long time. There is no universal definition of a gifted underachiever [1] . Among numerous definitions of underachievers, Reis and McCoach [2] probably provide a most comprehensive one: "underachievers are students who exhibit a severe discrepancy between expected achievement (as measured by standardized tests, assessments, etc.) and actual achievement (as measured by grades and teacher evaluations)" (p.157). The patterns of underachievement must be in a long term, and not caused exclusively by the presence of a learning disability [1] [3] [4] .
As early as in 1955, Gowan [5] pointed out the importance of studying underachievement of gifted students. He suggested that the underachievement of gifted children is the largest waste in a society [6] . Seeley [7] estimated that in the United States, 15% to 40% of gifted students may face the crises of underachievement or low achievement. Lupart and Pyryt [8] predicted that at least 21% of the gifted students in elementary school and junior high school in Canada experienced underachievement. U.S. Office of Education data suggested that as many as 50% of students in the top 25% high schools did not graduate from college [9] . The Commonwealth Magazine in Taiwan reported a case that a gifted physics student who was recommended for admission to National Taiwan University suffered from failures in college learning [10] . The underachievement of gifted students is a global issue and may occur to students at any stage of learning.
The characteristic behaviors of underachieving gifted students have been studied extensively since the 1950s. Generally speaking, researchers concentrated on three types of variables associated with underachievers among the gifted: home and parental variables, personality characteristics, and school related factors [11] . In her book Gifted grownups: The mixed blessings of extraordinary potential, Streznewski [12] suggested that gifted grownups usually face the issue of adapting to school, family, working environment, marriage, and life, as well as enabling people around them to accept them. Such a phenomenon shows that there is indeed a gap between the potentials of gifted students and their actual achievement. Many variables may affect them and impede them from exhibiting their talent and passion. Every gifted student has to face different challenges at various stages of life as well.
Siegle and McCoach [13] reported several causes of underachievement, including initiating situation, excessive power, inconsistence and opposition, and value conflicts. McCoach & Siegle [14] used School Attitude Assessment Survey-Revised (SAAS-R) as the research tool to investigate gifted students with high and low achievement, and found that they both exhibited high academic self-perception. However, there was a significant difference in attitude toward school, attitude toward teachers and classes, motivation and self-regulation, and goal valuation. Among them, there is an 80% probability that motivation and self-regulation and goal valuation can be used to distinguish high achievers from low ones. McCoach & Siegle [15] suggested that many factors may lead to the formation of underachievement of gifted students. If teachers can respond to the individual conditions of gifted students to trigger their learning motivation and self-regulation, their learning effectiveness may be improved.
Whitmore [16] found that some gifted students suffered from underachievement after going to senior high school because of the high pressure of academic performance and peer competition. In the discipline of physics, Du [17] suggested that the depth and width of knowledge, learning strategies or mathematical application of physics courses in senior high school are significantly different from junior high school physics courses. It is common that gifted students' underachievement occurs in senior high school and college. Baslanti and McCoach [1] claimed that few studies focus on underachieved gifted students in post-secondary level and there are few comparisons of achievers and underachievers in the literature, especially at the college level [18] . Hung [19] investigated the factors affecting the learning of college students in Taiwan and found that the effect of personal factors (stress from examination, learning interest, examination score, self-expectation, concentration, time management, learning motivation, etc.) is more significant than that of school and family factors. Wang, Peng, Chang, and Tseng [20] also suggested that underachieving gifted students may be characterized by the lack of learning motivation, lack of work commitment, bad habits, value conflict or low self-concept. It is advised to find out the cause-and-effect relationship or interactive model first and then prioritize the factors to establish the counseling goal.
What are the learning behaviors of underachieving gifted students at college? How do science majored students manage their own academic performance in college learning environment? How do their poor academic performances impact their self-concept? What do they think about their school, family, and peers? This study investigated the learning performance of underachieving gifted students. First, the research team recruited junior students who took the course of "modern physics" as potential participants for the in-depth interviews. Three underachieving gifted students participated in an analysis of the learning process of "one-dimensional infinite square well system" concept. Second, this study employed the "questionnaire on self-concept and external support system for underachieving gifted student" to understand underachieving students' self-concept and external support system. Third, our research team conducted in-depth interviews to understand underachieving students' thoughts and reflections on their own learning performance.
Methods
This case study employed document analysis and in-depth interviews as the principal data collection approaches. The researchers obtained information from three junior students in the Department of Physics who were identified as gifted students and experienced gifted student trainings in secondary schools but failed to perform well in their university physics courses. The study was conducted under university's ethics approval and students' consent was obtained. Research participants, research tools, and data analysis are described below.
Research Participants
This study selected three junior gifted students (including a senior student taking the makeup course) taking the course of modern physics at a university where author one served as instructor in 2010 academic year. The participants were denoted A, B, and C, respectively. The basic information of participants is as follows: The academic performance of three gifted students in class was generally poor, and participant C took the make-up course because he failed the course in previous year. Their academic performance in junior high school was great. However, their current performance was far from satisfactory. The descriptions of them are as follow:
Participant A was someone would ask the teacher loudly in class, "Will I get any points by studying the content?" and "Will I get any points by memorizing the content?" The Percentile Rank value of his Basic Competence Test for Junior High School Students was as high as 93/100. However, he almost failed every required course every year. When taking the make-up course for thermal statistical physics in the first semester of his senior year, he adopted the advice from the teacher and changed his learning strategies and achieved good academic standing. However, such good academic performance soon vanished in the second semester.
Participant B perceived himself as a hip-hop dancer insisting on being himself. He received a perfect score in English in the Basic Competence Test for Junior High School Students. However, his score in the Department Required Test was merely more than 10 points out of 100. He spent most of his time on his favorite leisure activityhip hop. The updates on his Facebook were almost "dance showcase" and "I have an inspiration for rehearsal in the midnight and I cannot help dancing." He was frequently absent from the class. He aimed for graduate teacher education program but failed the admission examination. He was preparing for delayed graduation when the study was conducted.
Participant C is a passionate and persistent student association president. He took make-up courses of many required courses. As the student association president and department badminton team captain, he had a strong sense of responsibility for his duties. As long as the teacher requested him to do something, he would devote himself to the mission. He failed admission examination for graduate schools in the senior year. In his fifth year, he promised to himself that he would only study in top graduate schools. He is now enrolled in a top Graduate School of Physics in a top-ranked university in southern Taiwan.
Data Collection Strategies
1. Researchers -This study used researchers as a research tool. Therefore, the reliability and validity of this study were significantly correlated with the research methodology, skills, sensitivity, and honesty of the researchers [21] . The researchers authentically played their own role based on the research foundation of gifted education and science education.
2. Student-problem score table, S-P chart -The method provided item caution index and student caution index, and was able to concurrently analyze the test items and correct answer pattern of individual students to effectively diagnose the learning difficulties experienced by three students.
3. Questionnaire on Self-concept and External Support System for Underachieving Gifted Students -This questionnaire was revised from the "Questionnaire on the Self-concept and External Support System for Senior High School Students Failing to Overcome Underachievement" developed by Yang [22] . The content of the 48 items were completely identical, and only the descriptions for different learning stages of respondents were slightly modified. Items 1 to 22 investigated respondents' self-concept, including self-understanding (e.g. intelligence, self-expectation, self-confidence, sense of inferiority, self-evaluation, etc.) learning attitude (e.g. efforts made in schoolwork, learning attitude, fear for examination, etc.), and interpersonal relationship. Items 23 to 38 investigated respondents' "family support system," including parents' parenting attitude, communication method, family atmosphere, expectation attitude, and support for children' continuing study during their underachievement. Items 39 to 48 investigated "school support system," including the aspect of teachers (positive attitude, expectation, teaching method, and school examination method) and the aspect of peer group (including peer identification and support, study atmosphere in class, etc.) 4. Interview outlines for learning behavior performance of underachieving gifted students. The interview outlines included eight items, and were developed by the researchers. The last item was a multiple answer question where respondents were requested to verbally answer it. Before the formal interviews were conducted, a college student with similar background was invited to participate in the pre-test to determine whether the content of items was adequate. The interview process was audio recorded with participants' consent.
Data Analysis
1. To perform statistical analyses on student-problem score, S-P chart [23] -This study used S-P chart to perform analyses on the performance of three participants in this study, as well as that of other students concurrently taking the course of modern physics, in order to find out the correct answer rate, stability, and learning pattern of the three participants.
2. To transcribe the interview content into transcripts 3. Data coding and analysis -This study analyzed the transcripts of the interview data and identified the main themes and focuses of the three respondents based on their conversations and answers. Contextual information associated with the theme were also collected and analyzed. During the consecutive interview conversation process, the interview Q&A sometimes included one to two sentences and sometimes included several sentences [24] . After examining the three transcripts, the researchers established categories based on the content and then gradually sifted the main themes in order to reach conclusions in the end [25] . Table 2 shows the common two-way classification of students' correct answer rate and caution index [26] . The correct answer rate is divided into three levels based on the values.75 and.50. Caution index is divided into two levels based on the value.50. The results of cross interaction are divided into 6 categories: good learning and high stability; stable learning and studying harder is required; lack of learning ability, insufficient learning and studying harder is required; mistakes are caused by carelessness; occasional carelessness, insufficient preparation, and studying harder is required; extremely unstable learning, arbitrary studying habit, and insufficient preparation for test content. The students taking the same course with three participants exhibited a total of six performances. The correct answer rate of participant A in problems where memorization was required was better. Therefore, participant A belonged to category 2. Both participant B and participant C belonged to category 1. The problem solving performance of 3 participants are shown in Table 3 . The level of difficulty started to gradually increase from C3, where both memorization and understanding were required. Almost none of them provided the correct answers. To sum up, it seemed that the self-concept of three participants was not affected by their underachievement and did not become negative. Two participants strongly agreed with Item 20 "I do not feel that I am worthless due to my underachievement" (4 points; the highest score), and one participant somewhat agreed (3 points) with it. Moreover, the three participants strongly agreed or somewhat agreed with Item 21 "I still believe that my potential is unlimited in terms of my current status" (4 points, 3 point, and 3 points).
Support from Family, Peer Group, and Teacher when Facing Underachievement
Family Support System Participant A had the highest level of disagreement with Item 23 "My parents will not blame me for my underachievement" and Item 33 "My parents will not compare the performance of my siblings, relatives, or classmates with mine to form pressure for me," followed by Item 24 "My parents will not worry about my future owing to my underachievement," Item 25 "My academic performance will not affect my communication with my parents," Item 26 "The harmonious family atmosphere will not be affected by my academic performance," and Item 31 "My parents hold an adequate expectation towards my academic performance." Participant A indicated that his parents hoped that he could graduate from the school smoothly. He even came to the teacher's office to claim that his parents could not afford his study in the fifth year when he was certain that he failed the required courses, suggesting that he did feel the pressure from family expectation. Participant B had the highest level of disagreement with only one item: Item 30 "My parents' expectation towards my academic performance is consistent." There was no significant difference in the rest of the items.
The items with which participant C had the highest level of agreement were similar to those of participant A, such as Item 24 "My parents will not worry about my future owing to my underachievement" and Item 26 "The harmonious family atmosphere will not be affected by my academic performance."
School support system
The 3 participants all indicated that "I spend too much time playing around with my classmates or on extracurricular activities" (participant B's response was 4; participant A and C's response was 3). They all disagreed with Item 46 "Most of my friends are those who attach high importance to academic performance." The fact showed that their friends were not those who enjoy studying in class.
In terms of school teachers and learning environment, the participants all agreed that they perceived the support from the school and teachers. Participant A used to pay attention to his academic performance for a while owing to the instruction from the teacher. Consequently, his response for Item 43 "I will consult with teacher or classmate when encountering academic problems" was 4 points. Participant B' response was 4 as well. The score of Item 39 "School teacher usually encourages me" was high as well. It is interesting that all 3 participants responded that the place where they do their schoolwork most frequently was "school."
Thoughts and Reflections of Underachieving Gifted
Students on their Own Learning Performance 
Conclusions and Recommendations
The purpose of this study is to investigate the learning performance of underachieving gifted students in Department of Physics in college. This study analyzed the problem-solving process of 3 underachieving gifted participants during the learning of an important concept in Modern Physics course. This study also intends to understand the self-concept and external support system of underachieving gifted students through questionnaire. Moreover, this study used in-depth interviews to understand underachieving gifted students' thoughts and reflections on their own learning performance. The conclusions and suggestions are described as follows:
1. The results of the problem-solving performance and pattern for the learning of "one-dimension infinite square well" reflected their learning behavior and attitude. The correct answer rate decreased with the complexity of item concepts, suggesting that the participants did not completely understand the concepts and were dependent on memorization.
2. The responses to the questionnaire on "self-concept and external support system of underachieving gifted students" showed that, the participants did not develop negative self-concept. In addition, they did not suffer from too much family pressure owing to current academic performance. The reason might be that the participants did not reveal the information to other classmates that they used to be gifted students with excellent academic performance. There was no tokenization effect. It seemed that their personal traits did not include perfectionism and success oriented. Chang's follow-up study [27] on gifted students with excellent academic performance in senior high school mathematics and natural science found that, the gifted students who have higher self-expectation perceive more pressure from other people around them. The participants in this study did not experience learning pressure. Whether such a phenomenon is associated with the absence of high self-expectation is worth further investigation.
3. Participants started to accumulate the experiences of failure since senior high school. The atmosphere of peer competition was not significant and the reason might be the teacher or pedagogical approaches or the property of course. Such facts showed that as participants attached less importance to academic performance, their ranking worsened. However, they did not exhibit any aggressive behavior to change it. They simply relied on their good academic performance in one or two subjects to get enrolled in college. They chose department and school near their home in an attempt to escape from Department Required Test. They usually would not go to cram school or engage in other learning activities in leisure time.
4. The research results are similar to the studies mentioned above. It seems that factors affecting gifted students' behaviors and general college students are similar. The underachievement of gifted students in junior high schools probably follows their adult career performance or choice. It is important to provide early intervention and prevention strategies [20] . Family, school, peers, and teachers should cooperate with one another to help trigger students' motivation for creating success or develop their learning strategies and skills. It is important for educators to assist gifted students to find themselves and become a "spontaneous changer" to reverse underachievement.
